Opiate addiction is associated with abnormal function of the stress-responsive hypothalamic-pituitary-adrenal (HPA) axis. In general, addiction and withdrawal are associated with abnormal HPA responsivity as demonstrated by baseline, dexamethasone, and metyrapone testing. Following stabilization in methadone maintenance treatment, normalization of HPA axis responsivity is observed. To further investigate HPA axis function associated with heroin addiction and its treatment, saline placebo and human corticotropin-releasing factor (hCRF) were administered intravenously in two doses, one dose lower (0.5 mg/kg) and one dose higher (2.0 mg/kg) than the dose used in standard clinical diagnostics (100 mg), to 16 normal male volunteer controls (NV) and eight male stable-dose methadone-maintained former heroin addicts without ongoing drug or alcohol abuse or dependence (MM). Plasma adrenocorticotrophic hormone (ACTH) and cortisol levels were determined at serial time points. There was no difference in hormonal measurements between the two groups following placebo. NV as well as MM displayed a dose-response effect in plasma ACTH and cortisol levels. MM displayed a significantly greater increase in plasma ACTH levels than the NV following high-dose but not low-dose hCRF (po0.05). There was no significant difference in plasma cortisol levels between the two groups following high-dose hCRF. Thus, despite earlier documented normalization of behavioral function and of several measures of neuroendocrine function during long-term methadone maintenance, some abnormalities in HPA axis responsivity that may be a consequence of heroin exposure, or that may have existed prior to the addiction, can persist during stable methadone treatment.
INTRODUCTION
Drug addictions represent complex syndromes whose etiologies and natural histories are multidetermined. Factors that contribute to the development and course of addictive diseases include properties of specific drugs of abuse, characteristics of vulnerable individuals, as well as genetic, early developmental, and environmental influences. Our group and others have hypothesized that alterations in responsivity to stress and stressors that may similarly have roots in genetic, developmental, environmental, and also drug-induced factors are integral to the vulnerability to, acquisition and maintenance of, relapse to, and treatment of heroin addiction (Kreek, 1972 (Kreek, , 1973a (Kreek, , 1996 Cushman Jr and Kreek, 1974; Wand et al, 2002) . The hypothalamicpituitary-adrenal (HPA) axis and its constituent hormones, corticotropin-releasing factor (CRF), adrenocorticotrophic hormone (ACTH), and cortisol, are integral to mammalian stress responsivity. The later two hormones, ACTH and cortisol, are easily measured in the peripheral blood of human subjects and serve as markers of HPA axis function and stress responsivity.
Heroin addicts show alterations in HPA and hypothalamic-pituitary-gonadal axis hormones during active cycles of addiction. More specifically, plasma levels of the HPA axis hormones ACTH and cortisol are reduced during active heroin addiction. Following stabilization with adequate dosages of methadone (80-120 mg), these hormone levels have been observed to return to normal (Kreek, 1972 (Kreek, , 1973a Cushman Jr and Kreek, 1974; Kreek et al, 1983) .
Specific tests of HPA axis integrity support the observed disruption in the HPA axis function during cycles of active addiction with normalization of function associated with clinical stabilization. Although major depression has also been associated with altered HPA axis responsivity to neuroendocrine probes such as dexamethasone, depressive symptomatology in methadone-maintained subjects has not been associated with failure to normalize HPA axis response to standard 1 or 2 mg doses of dexamethasone following methadone dose stabilization (Kreek, 1972) . Similarly, responses to other probes of HPA axis function, such as ACTH infusion or metyrapone (an oral 11-b-hydroxylase inhibitor that blocks the final step in cortisol synthesis in the adrenal glands) testing have been found to be within normal limits in stabilized methadone-maintained subjects (Kreek, 1972 (Kreek, , 1973a Cushman Jr and Kreek, 1974; Kreek et al, 1984) . In recent studies, we have also shown normal HPA response to metyrapone in stable-dose methadone-maintained subjects but not in methadone-maintained subjects with ongoing cocaine dependence (Schluger et al, 2001) .
Studies of the opioid receptor antagonist naloxone have shown increased levels of ACTH and cortisol in normal volunteer subjects (Volavka et al, 1979 (Volavka et al, , 1980 Schluger et al, 1998) . Other antagonists (naltrexone and nalmefene) with different affinities for the m-, k-, and d-opioid receptors also increase ACTH and cortisol (Mendelson et al, 1986; Schluger et al, 1998) . These studies and those performed in drug-free former heroin addicts not in methadone maintenance that show increased sensitivity to the HPA effects of opioid antagonists (Kosten et al, 1986a, b) demonstrate the importance of the endogenous opioid system in modulating HPA axis responsivity.
In addition to alterations in endogenous opioid control of HPA axis function, evidence has accumulated to indicate that alterations in CRF signaling, an integral component of HPA axis activity, as well as a component of an extrahypothalamic system, is involved in the pathophysiology of addiction (Kreek and Koob, 1998) . For example, several animal models have shown that CRF administration precipitates stress-induced relapse whereas CRF receptor antagonists inhibit stress-induced relapse (for recent reviews, see Koob, 1999; Sarnyai et al, 2001) . Extrahypothalamic sites are hypothesized to mediate the effects of CRF in these animal models. However, with respect to HPA axis activity, we have recently shown that alcoholics seek HPA activation and that this activation is achieved with lower alcohol consumption following naltrexone but not placebo administration (O'Malley et al, 2002) .
To date, CRF testing has not been reported in persons actively addicted to heroin or in former heroin addicts in methadone maintenance. The present study was performed to use this probe to extend studies of HPA axis integrity in former heroin addicts on stable-dose methadone maintenance who have no ongoing drug or alcohol abuse.
METHODS

Subjects and Methods
The study was approved by the Institutional Review Board of The Rockefeller University Hospital General Clinical Research Center (NIH-GCRC) and performed in accordance with the Helsinki Declaration of 1975. Written informed consent was obtained prior to participation; confidentiality was strictly maintained. Normal volunteers were recruited from the local community by word of mouth and by advertisement. Stable methadone-maintained subjects (former opiate addicts without current drug or alcohol comorbidities) were recruited from local methadone maintenance clinics. All subjects were evaluated by laboratory personnel, consisting of registered nurses, internists, and psychiatrists trained in addiction medicine. Subjects were initially screened for the study by phone contact with a registered nurse. Evaluation for medical and psychiatric inclusion and exclusion criteria were made by an internist or psychiatrist using clinical interview, physical exam, and review of laboratory and corroborative data. Evaluations included general medical, psychiatric, and substance abuse histories, physical examination, EKG, and laboratory testing including complete blood cell count, serum electrolytes, creatinine, blood urea nitrogen, liver function tests, thyroid function tests, hepatitis A, B, and C serologies, VDRL, and urinalysis. Subjects recruited from methadone clinics gave consent for the investigators to speak with their counselors so that histories could be verified. Since HIV-1 infection is known to alter specifically the neuroendocrine systems under study, subjects were counseled about, and gave informed consent for, HIV testing. Urine was collected on each of the outpatient visits and on a 24-h basis during inpatient studies. Aliquots of urine were tested daily, both during the screening process and during the inpatient stay, for the presence of mixed opioids, methadone, cocaine, cannabinoids, or benzodiazepines. Subjects were enrolled in the study and allowed to remain in the study only if outpatient and inpatient urine toxicology results were negative for all drugs (except methadone in the methadone-maintained group).
In order to minimize any possible variance in hormone levels owing to gender, only male subjects were included in the current study. The study population consisted of two groups: stable-dose methadone-maintained former heroin addicts without ongoing drug or alcohol abuse or dependence and no DSM-IV Axis I diagnosis other than opiate dependence (methadone group: n ¼ 8), ages 21-55 years (mean: 36.8 years; SD 14.3), including six smokers and two nonsmokers, and normal healthy volunteers without DSM-IV Axis I diagnoses (control group: n ¼ 16), ages 20-42 (mean: 30.2 years; SD 6.2), including six smokers and 10 nonsmokers. Illicit drug use or alcohol use did not reach DSM-IV criteria for abuse or dependence in any of the subjects. Subjects were free of significant active medical problems including HIV seropositivity, were not taking any prescription medications (other than methadone for the methadone group), and were not regularly using over-thecounter medications or herbal preparations. All former heroin addicts were in a methadone maintenance treatment program for heroin dependence for a minimum of 6 months, and stabilized on the same dose of methadone for the at least 1 month prior to the study (methadone group: mean methadone dose 72.5 mg/day, range 20-100 mg/day). All subjects were medication free (except methadone in the methadone group) for at least 7 days prior to the study.
Subjects were admitted to the inpatient unit one evening prior to the testing days. In most cases testing was completed on 3 consecutive days. In some cases, testing was carried out during separate closely scheduled admissions in order to accommodate time constraints of subjects. Subjects fasted at least 9 h prior to the beginning of a testing day and were allowed to eat only after the first 2 h of testing had elapsed. Test substances were administered through, and blood samples were withdrawn from, an indwelling intravenous catheter (Intracath), inserted at least an hour prior to the beginning of testing. In some cases, a functioning catheter from the previous day was used. Total blood volume sampled, including that taken during screening and testing, did not exceed 550 ml.
Between 9:00 and 9:30 am on each of the 3 testing days, a normal saline placebo (0 mg/kg human corticotropinreleasing factor (hCRF)), low-dose hCRF (0.5 mg/kg), or high-dose hCRF (2.0 mg/kg) was administered in a single blind fashion via 2-min intravenous infusion. To minimize risk, a dose run-up schedule was employed at the request of the Food and Drug Administration. Each subject received a placebo, the low dose of hCRF, and the high dose of hCRF, on separate days. Each subject served as his own control. Methadone-maintained subjects received their daily dose of methadone 60 min after the test medication was administered (peak plasma level 2-4 h after methadone administration with maintained plateau 22-26 h following methadone administration) (Kling et al, 2000) . Subjects who smoked were not permitted to do so from 60 min prior to and until 4 h following hCRF or placebo infusion.
Plasma ACTH and cortisol levels were determined in blood samples drawn at sequential time points. Time points started 10 min prior to test substance administration, then at time zero (immediately prior to test substance administration), then at 10, 20, 30, 40, 50, 60, 75, 90, 120, 150, 180 , and 240 min following hCRF or placebo administration. Blood was drawn into both sodium EDTA vacutainers and plain vacutainers, and immediately placed on ice. Samples were stored on ice for up to 40 min until centrifuged at 41C at 3000 rpm for 5 min. Plasma was then removed, aliquoted and stored at À401C until assayed. ACTH and cortisol levels were determined in duplicate by RIA procedures, with slight modifications (ACTHFNichols Institute, San Juan Capistrano, California; CortisolFDiagnostic Products Corporation, Los Angeles, California). ACTH intra-and interassay coefficients of variation were 9.4 and 15.1%, respectively. Cortisol intra-and interassay coefficients of variation were 2.5 and 6.0%, respectively.
Statistical Analysis
Area under the curve (AUC) from 0 to 90 min after each dose of hCRF was calculated for each subject. First, the dose-response effect in normal volunteers (control group) was assessed by a one-way ANOVA of AUCs for each hormone followed by Newman-Keuls post hoc tests. Then to examine the possible differences between the control group and the methadone group, a two-way ANOVA of AUCs, Group Â Dose, with repeated measures on the last factor was conducted for each hormone, with planned comparisons between groups after the 0 dose placebo and after the highest dose used in this study, 2.0 mg/kg hCRF. Finally, to compare the difference between the control group and the methadone group in the magnitude of response to hCRF for each hormone, the change from placebo AUC of each subject after the 0.5 and 2.0 mg/kg dose hCRF was calculated and examined by a two-way ANOVA with a planned comparison at the 2.0 mg/kg dose.
Preliminary analyses of each hormone, three-way ANOVAs of Group (control group, methadone group) Â Smoking Status (Yes, No) Â Dose (0, 0.5, 2.0 mg/kg hCRF), showed no significant main effect of Smoking Status, so the factor for Smoking Status was not used in subsequent analyses. However, since the methadone group had proportionately more smokers (six of eight subjects) than the control group (six of 16 subjects), when a significant difference between groups was found, an ANOVA was conducted on the smoking subset to verify the group difference in hormonal response.
RESULTS
Plasma levels of ACTH and cortisol for each group from immediately before to 90 min after administration of each dose of hCRF (0, 0.5, or 2.0 mg/kg) are shown in Figure 1 expressed as mean 7 SEM. By the 90-min time point, both the ACTH and cortisol values of each group were at 0 dose (placebo) levels; therefore, time points beyond 90-min were excluded from the analysis.
Dose Response in Normal Volunteers
The dose response of the control group to hCRF expressed as 90-min AUCs of ACTH and of cortisol are shown in Figure 2 . ANOVA of ACTH AUCs showed a significant effect of hCRF dose, F(2, 30) ¼ 18.97, po0.00001. NewmanKeuls post hoc tests showed that ACTH response to 0.5 mg/ kg hCRF was significantly higher than the placebo 0 dose condition (po0.002), and the response to the higher dose 2.0 mg/kg was significantly higher than that to the 0.5 mg/kg dose (po0.02). There was also a significant effect of hCRF dose in AUCs of cortisol, F(2, 30) ¼ 11.66, po0.0002, but the pattern was different. Both doses significantly raised plasma cortisol over levels in the 0 dose placebo condition, the 0.5 mg/kg dose (po0.001), and the 2.0 mg/kg dose (po0.0005), but the response to the 2.0 mg/kg dose was not significantly greater than that to the 0.5 mg/kg dose.
Difference between Normal Volunteer and MethadoneMaintained Subjects
An ANOVA of ACTH AUCs, Group Â Dose with repeated measures on the last factor, showed no significant main effect of subject group, F(1, 22)o1, a significant effect of Dose, F(2, 44) ¼ 34.08, po0.000001, and a significant Group Â Dose interaction, F(2, 44) ¼ 5.34, po0.01 (see Figure 3 ). Planned comparisons showed that while there was no difference between subject groups in the 0 dose, placebo condition, the methadone group had a significantly greater ACTH response to the 2.0 mg/kg dose than did the control group.
ANOVA of cortisol AUCs also did not show a significant subject group difference, F(1, 22) ¼ 1.18 (see Figure 3) . And while there was a significant main effect of hCRF Dose, F(2, 44) ¼ 6.98, po0.005, there was no significant Group Â Dose interaction, F(2, 44)o1.
Contrast of ACTH with Cortisol Responses to hCRF
Another way to examine the difference in the response to different doses of hCRF is to examine the increase in AUC of each subject after each dose over his placebo value. Mean group increases over placebo AUCs of ACTH and cortisol (+SEM) are shown in Figure 4 . When the results are expressed in this way, ANOVA of the ACTH increases showed a significant main effect of subject group, F(1, 22) ¼ 4.78, po0.05, a significant main effect of Dose, F(1, 22) ¼ 17.93, po0.0005, and a significant Group Â Dose interaction, F(1, 22) ¼ 5.62, po0.05. Planned comparison of groups at the high dose showed a significant difference, po0.05. (This pattern was mirrored in the results of an ANOVA of the smoker subset: there was a significant main effect of Group, F(1, 10) ¼ 5.55, po0.05, a significant main effect of Dose, F(1, 10) ¼ 14.63, po0.005, and a planned comparison at the 2.0 mg/kg dose hCRF showed that methadone group responses were greater than those of control group, p ¼ 0.053.) Thus, while there was no difference between the methadone group and the control group in the ACTH response to the low dose, 0.5 mg/kg hCRF, the methadone group showed significantly greater elevation than the control group at the 2.0 mg/kg dose. This pattern was not seen in cortisol responses, where there was no significant interaction and, if anything, the cortisol of the methadone group appeared to be (but was not significantly) lower than that of the control group.
DISCUSSION
The first evidence that HPA axis function is affected by administration of short-acting opiates in humans was reported in 1958 by Eisenman who observed that urinary levels of 17-ketosteroids were reduced during cycles of chronic morphine administration (Eisenman et al, 1958 (Eisenman et al, , 1961 (Eisenman et al, , 1969 . Subsequently, studies of heroin addiction and its treatment have indicated that active use of heroin is associated with HPA axis suppression, early abstinence with HPA axis activation, and normalization of HPA axis function with long-term abstinence from heroin utilizing with long-acting opioid pharmacotherapy (Kreek, 1972 (Kreek, , 1973a (Kreek, , 1978 Cushman Jr and Kreek, 1974; Stimmel and Kreek, 1975) .
Methadone, a synthetic exogenous opiate with a long halflife in humans (over 24 h for the racemic mixture used in pharmacotherapy), provides a steady-state occupancy of mopiate receptors in the CNS when administered chronically (Inturrisi and Verebely, 1972; Dole and Kreek, 1973; Kreek, 1973b; Kreek et al, 1979; Kling et al, 2000) . As originally hypothesized by this group (Dole et al, 1966) , and demonstrated by this group and others, the steady-state activity of methadone allows normalization of the altered HPA axis responsivity seen in opiate addiction (Kreek, 1972 (Kreek, , 1973a Cushman Jr and Kreek, 1974; Kreek et al, 1983 Kreek et al, , 1984 . Positron emission tomography (PET) studies performed in stable-dose methadone-maintained subjects have shown that only 19-32% of m-opiate receptors are occupied during steady-state methadone therapy thereby allowing the remaining receptors to function in their normal physiologic capacity modulating pain and analgesia, immune function, and the HPA axis (Kling et al, 2000) . The return of normal HPA axis responsivity during stable-dose methadone maintenance is likely due to this and, in part, to the normalization of opioidergic tone evidenced by the normalization of HPA responsivity to the removal of the other, and major, modulator of HPA axis response, glucocorticoid negative feedback, using metyrapone (an inhibitor of cortisol synthesis) (Kreek, 1972 (Kreek, , 1973a Kreek et al, 1984; Kennedy et al, 1990; Schluger et al, 2001) . Further supporting the hypothesis of normalized opioidergic tone in methadone maintenance, former heroin addicts in long- term abstinence without methadone pharmacotherapy have increased HPA responsivity to metyrapone testing (Kreek et al, 1984) . While the influence of the endogenous opioid system on HPA axis responsivity in methadone maintenance may be normalized, it is not yet known whether all components of the HPA axis such as the release and levels of CRF are also normalized with methadone maintenance treatment. Since its initial characterization by Vale et al (1981) , several studies have shown that CRF is expressed throughout the mammalian brain. Hypothalamic release of CRF from the paraventricular nucleus activates anterior pituitary production of proopiomelanocortin (POMC), which is rapidly processed into several peptide fragments, many of which are biologically active. These include, in equimolar ratio, ACTH and beta-lipotropin, which is further processed to beta-endorphin. Animal model studies have suggested that extrahypothalamic sites of CRF activity affect anxiety-like behaviors, food intake, arousal, memory, and learning (Sutton et al, 1982; Ehlers et al, 1983; Krahn et al, 1986; De Souza et al, 1987; Radulovic et al, 1999) .
Following intravenous CRF administration, a doseresponse effect of ACTH and cortisol is seen in humans. In humans, ovine CRF (oCRF), which is the commercially available CRF used in clinical diagnostics, has a longer plasma half-life (73 min) than human CRF (hCRF) (27 min) (eg Saphier et al, 1992) . Dose-response studies of oCRF, which differs by 7 amino acids from hCRF, using doses of 0.001-30 mg/kg (Orth et al, 1983) and hCRF using doses of 0.01-5 mg/kg (Schurmeyer et al, 1984) have demonstrated an apparent maximal response in cortisol at doses above 3.0 and 1.0 mg/kg, respectively. However, neither of these studies, nor any other published dose-response studies of oCRF or hCRF, achieved a maximal response (ie no plateau reached) in ACTH to the highest administered doses of CRF. We studied the effects of hCRF because it is the natural peptide and, upon intravenous administration, mimics the brevity of endogenous pulses of ACTH and cortisol release (Schurmeyer et al, 1984; Avgerinos et al, 1986) .
In this study of 16 male normal volunteers and eight male methadone-maintained patients, a dose-response effect was shown in plasma ACTH and cortisol levels following 0.5 and 2.0 mg/kg hCRF. The response of ACTH to 2.0 mg/kg was significantly greater in the methadone group than in the control group. In this study, we found a normal response in both the methadone group and the control group to a lower than standard dose of hCRF (0.5 mg/kg). Why a significantly greater increase in ACTH following the much higher dose of 2.0 mg/kg hCRF was observed in the successfully treated methadone group as contrasted to the control group remains unclear. As there are no other studies of CRF in humans with active heroin addiction or in former opiate addicts in abstinence-based or long-acting opioid pharmacotherapy-based treatment, it is not known whether ACTH response to similar CRF testing in these groups would be low, high, or normal.
Disease states affecting the HPA axis (eg cortisolproducing adrenal tumor, panic disorder, and subtypes of depression) in which ACTH and cortisol response to CRF is lower than in controls show normalization of response to a standard (100 mg or 1.0 mg/kg) dose of CRF following successful surgical and or pharmacological treatment (Muller et al, 1986; Curtis et al, 1997; Zobel et al, 1999) . It is not known whether these responses would remain normal following higher doses of CRF.
Nonalcoholic men with a family history of alcoholism (FHP) were found to have lower peak ACTH levels following 1.0 mg/kg oCRF than men without a family history of alcoholism (FHN) (Waltman et al, 1994) . Following oral alcohol administration, the FHN group experienced a blunting in ACTH response to oCRF whereas the FHP group did not. There was no difference between the two groups in cortisol response to oCRF with or without alcohol administration. In alcoholic subjects, acute withdrawal (12-72 h after last alcohol use) and medium-term abstinence (13-42 days after last alcohol use) are both associated with decreased ACTH response following 100 mg hCRF (von Bardeleben et al, 1989; Hundt et al, 2001 ). While these findings are similar to those seen in major depression, the authors did not control for affective states.
It has been proposed that the anxiety that characterizes withdrawal from drug and/or alcohol abuse and addiction may be, in part, related to the action of CRF-producing neurons in the hypothalamus and, also, the central nucleus of the amygdala (Richter et al, 1995; Richter and Weiss, hCRF Dose (µg/kg) Cortisol AUC 0-90 min Figure 2 The dose response of the control (NV) to hCRF expressed as 90-min AUCs of ACTH and of cortisol are shown. ANOVA showed a significant effect of hCRF dose on each hormone. Newman-Keuls post hoc tests showed that ACTH response to 0.5 mg/kg hCRF was significantly higher than the placebo 0 dose condition and the response to the 2.0 mg/kg dose was significantly higher than that to the 0.5 mg/kg dose. There was a different pattern in cortisol response: both doses significantly raised plasma cortisol over levels in the 0 dose, placebo condition, but the response to the 2.0 mg/kg dose was not significantly greater than that to the 0.5 mg/kg dose. 1999). In animal models, suppression of CRF in the amygdala by direct infusion of the CRF antagonist alphahelical CRF (9-41) attenuates the aversive consequences of opiate antagonist-induced morphine withdrawal (Heinrichs et al, 1995) . It has also been shown that stress (ie maternal deprivation prior to weaning) produces effects on CRF neural systems in both the CNS and pituitary including increases in CRF levels in the median eminence of the hypothalamus and increases in specific binding of CRF in extrapituitary sites (Plotsky and Meaney, 1993; Ladd et al, 1996) . Persistent elevations in cerebrospinal fluid levels of CRF have been shown in nonhuman primates exposed to early life stressors (Coplan et al, 1996) and humans with post-traumatic stress disorder (Bremner et al, 1997) .
Antagonists of CRF activity attenuate the anxiogenic effects of CRF. These include CRF antiserum, nonspecific antagonists of CRF receptors, and CRFR1-specific peptidic and nonpeptidic antagonists. Mice lacking the CRF gene do, however, continue to display stress-induced behavior that is attenuated by a CRFR1 antagonist, a finding that may suggest the presence of a ligand other than CRF (such as urocortin or an undefined CRF-like agonist) that is active at the CRFR1 receptor (Weninger et al, 1999) . As anticipated, mice lacking the CRFR1 gene show an impaired stress response including impaired ACTH and corticosterone release (Smith et al, 1998; Timpl et al, 1998; Lee et al, 2001; Bale et al, 2002) . Interestingly, however, basal levels of ACTH and corticosterone were unaffected in CRFR1 knockout mice (Timpl et al, 1998) .
In human studies, during acute, subacute, and chronic self-administration of drugs of abuse such as opiates, cocaine, and alcohol, evolving changes with time of exposure are observed in HPA axis stress response, hormone production, and also gene expression (Kreek, 1972; Gianoulakis et al, 1996; Mendelson et al, 1998; Wand et al, 1998; Schluger et al, 2001; Schuckit et al, 2001; O'Malley et al, 2002) . In animal models, for instance, decreased hypothalamic CRF mRNA was found following 14-day binge pattern cocaine in rats; however, levels returned to normal 10 days following the final cocaine administration (Zhou et al, 1996a) . While acute and subacute morphine administration in rats causes HPA axis A Group Â Dose ANOVA showed a significant effect of Dose, and significant Group Â Dose interaction. Planned comparisons showed that while there was no difference between subject groups in the 0 dose, placebo condition, the methadone group (MM) had a significantly greater (*po0.05) ACTH response to the 2.0 mg/kg dose than did the control group (NV). Right: the mean (+SEM) 90-min AUC of cortisol of each group after each dose is shown. While there was a significant main effect of hCRF Dose on cortisol levels, no significant differences between groups were found.
activation including an elevation in hypothalamic CRF that is blocked by CRF antiserum (Buckingham, 1982; Nikolarakis et al, 1987) , chronic administration does not (Buckingham and Cooper, 1984; Ignar and Kuhn, 1990) . Acute morphine administration in rats undergoing water restriction stress blunts the increase in hypothalamic CRF mRNA seen in the placebo-treated water-restricted rats (Zhou et al, 1999) . Furthermore, this blunting reduces hypothalamic CRF mRNA levels to those seen in nonstressed salinetreated rats. Methadone, delivered at steady state via pump, does not change the levels of CRF, CRF-R1 receptor, or POMC (Zhou et al, 1996b) . Binge pattern alcohol administration to rats causes a decrease in hypothalamic CRF mRNA levels (Zhou et al, 2000) . CRF may also contribute to stress-induced relapse to drug seeking in heroin, cocaine, and ethanol-seeking rats (Shaham et al, 1997 Erb et al, 1998; Le et al, 2000) . Stress-induced reinstatement of heroin self-administration is partially mimicked by central administration of CRF and is likely mediated through the CRFR1 receptor (Shaham et al, 1997; Erb et al, 1998; Lu et al, 2000 Lu et al, , 2001 . The effect of CRF antagonist attenuation of drug reinstatement may be related to the removal of ACTH-mediated corticosterone release. In fact, corticosterone administration facilitates, whereas its removal, either surgically by adrenalectomy or pharmacologically with metyrapone or ketaconazole, lowers, cocaine self-administration (Goeders and Guerin, 1996; Erb et al, 1998; Goeders et al, 1998; Mantsch and Goeders, 1999) .
Our finding of a significant increase in ACTH response to the higher, 2.0 mg/kg, dose hCRF in the methadone group compared to the control group may indicate increased pituitary sensitivity to CRF in the methadone group. This effect is likely at the level of the pituitary outside of the blood-brain barrier, as peripherally administered hCRF has poor central penetrance (Martins et al, 1996) . Whether this effect is also because of hCRF action in the hypothalamus is unknown.
Changes within the endogenous opioid system that predate opiate addiction and/or persist following its treatment may contribute to these findings. We have demonstrated in a cellular model that a high allelic frequency (10.5% across mixed ethnic/cultural groups) single nucleotide polymorphism (SNP) in the m-opiate receptor gene confers a three-fold increase in endogenous ligand binding and a three-fold increase in agonist-induced activation of G protein-coupled potassium channels (Bond et al, 1998) . We, and others, have hypothesized that this (A118G) and other polymorphisms of genes could contribute to the protection from, or vulnerability to addiction (Bergen et al, 1997; Berrettini et al, 1997; Bond et al, 1998; Sander et al, 1998; Gelernter et al, 1999; Franke et al, 2001; Szeto et al, 2001; Chen et al, 2002) . Recently, Wand et al (2002) have demonstrated that heterozygous carriers of the A118G polymorphism have a greater response of ACTH following the intravenous administration of the m-opiate antagonist naloxone. Further studies of CRF are needed including studies in female subjects and studies performed during other stages of opiate addiction and its treatment. Studies of the endogenous opioid system and the variance of genes of the opioid system and of the HPA axis are also needed. A better understanding of these interactions could assist in the development of future pharmacotherapies for opiate and other addictions. Figure 4 The mean (+SEM) increase of AUCs of ACTH and cortisol over placebo are shown. ANOVA of the ACTH increases showed a significant main effect of subject group, of Dose, and a significant Group Â Dose interaction. Planned comparison at the 2.0 mg/kg dose showed that the response of the methadone group (MM) was significantly higher than that of the control group (NV).
